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5)s^2K A oM 4^r^ ^l^^l^oll -§-^*M ^-71 ^ i ^ ^1 2^-H^ *><4# 

^, SJ^JlI- *J-^*M f^sfe ^^^-fi}, ^71 1 ^ *fl 2^-H # ^-71 ^ 

Jfofl o^fl Q^}<^ #^*Kr ^l*Rr %-$r f^AS <5> 

£ 2 
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1[E| -f-H ^.^eflolEi{Multiloop oscillator} 

£ 2^r l^Al^ofl tt^ ^ -f-H ^.^eflolEil- u^Ef^ 

.£ 3^ I^aHH rcf^. 3?3.>¥-* i4e)-^ ^ 5)3.51. 

£ 5^r *fl 2^H]ofl 4=. ^E] -f-H ^^eflolEil- l]-E}<£ 3]sL51. 

(En)* °^^«>o> tiV^^ <ytHEi(I0)^, ^ ^7flS] <?]b1eKI1~I6)^, A 

RC^l^^T 2^^}7) <?}tH&|(Il~I6) ^^^4 ^^Afolofl 4^0) ^5flA]El 
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(C1~C7)5+, <?}tHEi(I0)£] #^^1^^- ^^(16)^ ^^^.5. ±°] 7^1 o]e 

(NOR)^-, 7flolE( N0R )^ iQ-^}o} #^*Kr <y^Ei(I7)^ ^^J4. 

<9> ^7}<% ^-O] ^zflo} ^i^eflolE^ *K^7fl^ «?lalEK 1 1-16)4 Si <*? 

^112} #2.3. Sll-Ol- ^.71 ufl^-olcK t±X\ ^SflAi, -sl-ol.-^ 

mi5L7} *}#^ 9l*]£\(W°\] l-^7fl^ tl^E^^- 7]^1 * <?]^EKN0R)^ 

<n> o^H, <^a!Jl7> *^7fl^ <ytHEi(Il~I6,N0R)# 71^ y^E]^ 72* 

-H *Hr7H «fl^>S.5. ^^1^4^^ 1/2TS. SM^cK °) &| *v ^-^l^s}-^ 

^eflolE^ #*Hg^ ^4 ^-7^1 « #7fl ^cf. 

<i2> ^«>^ o. s> ^^^eflojE^ nflaE] <^*v ^2^oj ^i^> 

7l 7.>-§-E]^, St!" = ^^^-O-S-Ai ^£]Tr JL^<g-(VPP)o}i4 ^ ^iicf 

^ ^tiH^^-g- ^(VBB)-^ te^dl A>-g-^rf. o]e^ ji^<a- (V pp ) oi 1 4 «flt3>olol^ # 
^(VBB)-^ ^^.^eflolE^ Tgj-^ofl <^sfl #*Hg^ ^aj-g- **fl 
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Hi, ^SL^t\}o)B\*] ^^S^rS Z\#<£ 2i#6\) nV^ol ^Tfl^- ^ tfl^S} ^ 

<15> 4^1, £ ^M^r ^71 ^1^* *M*>7l Cf^- ^Sj-^l- ^ 

^ISl- #^^V7l ^ ^0^ E <5}l4 ol^Vo^ =£f i=L H S\5L^ ^V]f>W, 

*l, ^3°^ ^£.3. <at!- t^^HM #7> ^ ^ «oM^ ^ ^H. ^efl 

Jl-I- ^Sfe A oM 4^ ^^aj^^i -g-^-^c^ av 7] ^) l ^ ^1 2^H^ 
*>M-1- ^d^M, ^^^1^1- #3*Hr ^H. ^^f; ^ #7l l ^ 2^H ^ 

^71 o]§i] Ajn»si t^J:* #3^!- ^l^Rr 5} 

# ^-2.3. *Vcf . 
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<17> % 7 \ -s-^^- ^Sr>7l fl* ^ 2^HH ttf-g- ^.^eflojE^ 9jo))o)^ 

!H§*Rr 51 S-^; ^71 ^gflAl S o,| -g-^H ^71 ^3 if^X^ *>M-» 

^-H^l ^4!3l# #3*Hr M-M- ^l^Rr ^^-s. tb4. 

<18> (^Aldfl) 

< 20 > £ 2 ^ -g- 1^21 all 1-^HH ^-H. q-E}-^ S]S£c>14. 

<21> a. i^cq *q i^AHlofl 4s *=<g b s o_^eflo]E^ ^ 7fl2l ^H(L00P1 ,L00P2)-^ £ 

t= ^^.^BllolE^A-1 , ^^(VDD)^ ^^l ^ ^ ^, m*SL3. 

€ 2)1 l^-H(LOOPl)s)- ^ AS. SAl^ ^) 2^-H(L00P2) # s)-q-o) f£f ^d^sH gflig- ^3)- 

^3 t^JL-I- #^^>£^- = 2)^-^(10)2}, ?i^#*l 2)^-^(20)5)-, -f-5L ^^(30)^, 

#^-¥-(40)3. ^€4. 

<22> s)^(io)^ l^E) ^<y^-(12)^, all 291*]&\ ^1^(14)^, ^lofloll-AlJ: 

(En)» #^Kr 2)1 1^1^^(110)^, ^11 l^Ei *)l<y^(12)£l #^^1^31- ^)1 1^1 iH 

3(110)3 fe£l2:^*H #^Rr ^<H7llolH(N0Rl)S. ^sM, *fl l^S(LOOPl) 

21- a)) 2^-H(L00P2)l- 21 *D cf^ ^sHr-I- 3Hfr ^^evcf. 
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<23> £ 1^0] *fl l^Al^ofl nj-e}- all l^-H(LOOPl)^ 7^5}- ^^*>7] ^tb 

JI, 2-^H(LOOP2)^ A) l^H(LOOPl)2l ^AjJiofl ulsfl ^-cfl^ 0.5. Jl^s)- ^aIJl 

<24> ^ lol^Ei ^l<y^-(12)^ ^o]]ol^-Al^( EN )^- a>^^H #3*Hfr (110)2}, &4=- 

^tMS ^^7fl2] (111, 112, 113)^-, ^^BKIIO)^ #^Jl2} ^l«lBl(I13)^ 

1- ^ElS^*Hr ic^7flolH(N0Rl)^ ( #^r7fl<>) o]^EKlll,I12,I13) 3*1*} 
°H 4^ ^3flAlE^|(C10,Cll,C12)S ^€1. Ti^lE} 

(C10,C11,C12)^ ^^(111,112,113) #^^1^1- RC*l<3tH=}. 

<25> X) 2<yB]Ei *ll<yjf (14)^ i^H^CNORl)^ 01 ^o.^ ^ ( ^ ^ 

7fl^ <y^EKH4 ( I15,I16,I17)^} ^7fl^ <y^Ei(I14,I15 ( I16,I17) 3*W°1 

ofl 4^0} ^2j]X|Ei(C13,C14,C15,C16)JL ^^14. ^3flAlEl 

(C13,C14,C15,C16)^ ^1^^^(114,115,116,117) z}z}2l RC*1 ^ ^i=} . 

<26> *1^#*1 s]S-?-(20)^ ^^^°d-(VDD)^ ^ls:}7l ^ ^^(VDD)^^ 

#7] ^^(VDD^llHl nfl-§-*l~fe ^^ai^(VCTRL)!- 

<27> if-H ^^^-(30)^ ^<H7llolH(N0Rl)^ #^#-4 *fl 2°]^ *ll (14)21 f^cH ^ 

^H, 2]S^-(20)^^fEio] ^I^AIJI(VCTRL)^ -g-^H afl l^-H(LOOPl) % A] 

2^(L00P2) ^ S}l}1- #^*Rr 2>4^E)^eflA^ ^^^cf . 
<28> ^-7] 2>4^e1#bj]a^ ^^(VCTRLHl -§-#*H *)1 ^l^l^-(12)2l ^a]51S} 

A] 2*]tHEl ^^-^-(U)^ I^I^IJ: # *}*-}* -*]!»S}a} ^ *)1 1^*^ 31*1^(12)5. 
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#^s>5L^- ^li^^] 2-^(L00Pl,L00P2)S ^.2.*) Ei-f- ^ 

<29> -id^(30)fe ^^TflolHCNORl)^ ^1 29l*\B\ ^^^-(14)^ ^o\] 

4. 

oo> #^^-(40)^ ^TflolH(NORl)^ #34lJL«- i^d^H #^*Kr ^^(119)5. ^£ 

<31> £ 3-^ ^- ^ l^A]^o11 r4= S)S-^(20)« H-Bl-^ ^<H1 5lS.£S.Ai ( 

HL 3)^(24)2}-, «1JH 3^-^(24)^ hI^Jl* a>^§><^ ^efl a] ^(VCTRL)S.^ #^§>^ 91 
^(118)5. ^^^cf. 

<32> ^-£-^(22)^ ^^(VDD)^ ^^l^olofl 33 ^%V(22a,22b)^S. 

tMS^M, ^%H22a,22b)^ ^^^(Nl)l- ^sfl ^^^^(Vd)!" ^in ^^( 24 )^ <^ 

afl^t}. ^i^-(Nl)^ ^%K22a ( 22b) ^*fl ^ 7>^^r>cf. 

<33> s) S w.(24)^ ^-§-^7lS.^ TiflB ^(current mirror)* ^*Hr ^1 1 ^ 

2^a^ H€^l^(MPl,MP2)5f, ^ 0 J-^-HH«-(22)SJfEi ^^(Vd)^- «83«Hr ^ l<$S.i 
H^^l^E-KMNDfif, 7l^^i<y- ^^yKDi^D^Ei 7l§^<a-(v REF )^ <gs^*r XI 2<?fl£^ H 
3I*liBl(MN2)Sr, til-oi^^ ^<y-(V B iAs)°fl ^*fl T^-sM tS^B n}eH * 5^ ?]5jE t 
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<34> *]m s]5.-^(24)ofl &<>H, a|) 1 g *H 2^2.^ H^^1^(MP1,MP2)^ zfrzj-o] 

Ei(MNl)^ ^T&ofl ^fJ-sM, 2^S.i H^^l^Ei(MP2)^ *(| 2<32^ H^l^Ei 

(MN2)^ Ef^-oii ^^cf. zl^ji, *)1 l g| *fl 2^12.^ H^l^ (MN1.MN2) Ef^o] ^ 

^^=(N2)» ^ 8j-.Il , ^f-^2=(N2Hl *fl 331-2.^ B$*l^Ei(MN3)£l 

Ti^cf. n.z)ZL, ^ 23)5.^1 H^^1^E^(MP2)^- S^fl^l^iE^(MN2)S] ^^-^ % 

3ic:E.(N3)* ^*}^, °1* **fl aim a] #^*Vcf. 

<35> £ 4u ^ *H l^HH 7l^^<y-# U|-E}ufl ZLSflSolcf. -g-i^^^A^ ^ 

^-s. vdDtt ^€^1^, V REF ^ 7}&£<£-& M-e^t}. 

<37> ^7-1, ^^(VDDH <&3€ ^"Efl^ ^-f, ^^^-^-(22)^ ^^^( n l)o) 

7l^^ < a-(V REF )^cf ^ ^-Efll- sfES , wjiE s] 5 .w.(24)^ "S^-efl^^ oIjuai^ ^ 
*Vcf. ojoil ^ S)jLJf (20)31 ^^(VCTRO^r "*M"3]lS^ Aj-Efl 7 > ^cf. <>1 nfl , 

<38> ZLS^, = ^^-^(30)^ ^E]#HJ1^7> aao) ^ i^^(L00Pl)l- 

e* *fl l<y^Ei ^ol«-(i2) ^ *fl 29}v]k] ^1^-^(14)5. o)^o]^ ^^eflolE^ ^l^^M 
^slJi, zl t^iA]^ 7 |. ^•Ag^cf. o) ^^s}- ^-^iai^-^ #^-^-(40)^ 9}v\B\ 

(I19H1 ^ 
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<39> 0)9+ £0} > ^ I^a] o^] en] nf^ ^ ^.^eflolE^ ^7) t^s}- fsoj 

*)1 l^-H(LOOPl)!- ^4 I^AiJr-i- ^Aj^cf. 

<40> zl sq^-^o] iojo.! oi^fl ^^(VDDH ¥j-g-o] a|z] 73°. ofl^tfl, ^^^<y- 

(VDD)o] ^-f , yflJf(22)3l ^^=(N1)^ ^Alofl ^-o^ 

7l^^ < a-(V REF )a.Cf ^ ^Efl» -fM*MI til Jul 2)3.^.(24)^ »*H»Efli§o| HlJfflAl^ 

#^t3r*=K 6]o| nl-ej- 2)^(20)^ ^EflAi^(vCTRL)^ "JS.^'-efl'is] Aj-Efl7> ^cf. 

<41> HB^, -f-H #^(30)^ ^E]#EJ]A^ 7 |- JH^s}- -f-H<?] ^ 2^-H(L00P2)» Ai^f-ofl 14 

5-h l^Ei ^1^1^- (12)^3. ol ^^eflojEi^ t^^M ^^5lJl, ZL ^J^S. JL 

^4 ^^lJS7> ^Aj^cf. oj J2^3|- "V^AlJr^ #^-¥-(40)51 <?]tHEi(I19)o1] 

<42> ^^M, -& 11:^ *fl l^Al^joflA^ ^^^l ig-g^Rr ^ ^o. ^^o} ^^ofl 

<43> £ 5^ 2^Al^ofl Of^ ^E] ^2. q-Bj-^fl Sjj^JtJ^^ , ^ig 

^(VDD)^ til^ofl n7l ]o} ^-H(LOOPl-LOOPn) ^ ^M-^) ^JE# 4i^*H *ti^ ^r*)-^ 

^*Jjs:«- #3*K£^- ^-H- 5)5.^(100)^, 3^(200)^, ^i^^-(300)^, 

#1^(400)5. ^^nf. 

(LOOPl-LOOPn)* ^^Kf n7fl^1 ^ti^ ^<y-?-(ICl~ICn)S. ^^c^ 
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<45> ^ aj^o] ^ 2^}^}o\] xx\?\ n i£*1) -f-H(L00Pn)fe n-l»I*fl ^(LOOPn-lHl ^ 

<46> n a]*j) oltt]Ei *fl<y^(ICn)£r ^ *^7fl^ o}^ E^ ( H01 , 1102, 1103)^, *^7fl^ 

^I^Ei (1101, 1102,I103)£) ^4 ^*1^}°H1 ^€ 4^ ^^fl^l^ 

(C100,C101,C102)^, <?1^H (En) 1- av^^^ #^Kr *fl l^tHBldiOO)^, n«i^fl ^l^H 

3 ^-^(ICn)^ *ll l^^BKllOO)^ fee)2:^><^ #^^>^ b^o] 7fl 

^1H(N0R2)^ ^€4. ^7l^ ( ico^ 7flolH(N0R2)^ <*j^g- ^flcf. 

<47> n-l^*fl ^ISl-f-OCn-Dfe ic^Tll^HCNORl)^ #^-g- <g ^ S}^ , ^ 

€ ^7fl^ ol^Ei (1104, 1105, 1106, 1107)SK *Hr7fl<2l o]t^Ei (1104, 1105, 1106,1107)^ 
^4 ^M>°H ^^"^ 4tS| ^^1^(C103,C104,C105,C106)5. ^^14. 

<48> ^ OltHEi ^°1^-(IC1)^ ^7llolE( N 0Rl)o| ^.g. °g^o_5L <!>H, ^ ^€ 

^7fl^ «y^EKH08, 1109, 1110, 1111... ^7)1^ <&v\&\ (1108, 1109, 1110, Illl,..)£) ^ 

yjry^ ^]a\o}6\] ^sjHEi(ci07,ci08,ci09,..)s 

<49> n7fl^ ^l^l-^(ICl~ICn)ofl &<H, 4^ ^ *IW 3 (C100~C109)^ ^l^B^ 

(1 101-1111) zj-z^ #^^15:1- RC^l^t!:4. 
<50> ^^^1 (200)^ ^^(VDD)^ i&^g- ^l^V7l ^^^^(VDD)^^ 

A oM ^^(VDD)^^ ^-§-*Rr 4^ a] em a] ^ ( vCTRL 1 -VCTRLn ) 1- 

<si> =a ^i««-(300)^r e (N0R2)2] n-l*i*l] 91*]*] <?l^-( ICn-1) 

^ Sl^E] ^l^-^-dCi)^ ^^H] ^SH, ^^^1 5)3.^(200)5.^^ 
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( VCTRL 1-VCTRLn HI -§-^H % «i*fl -f-H(LOOPl) ^H*l n«I*fl -f-H(LOOPn) # sf^f ^*Hr 

<52> ^"71 n^^^l-BjjA^ 4^2] ^ ep a] ^ ( vCTRL 1 -VCTRLn ) -§-<i^H °tJ^^S ^, ^ «1 

«fl Sl^l *fl£l^(ICl)^ t^JL i^^l n«i^B ^l^l^-(ICn)^ l^^lJl ^ *>M-1- ^ 

*H ^ n«i^I| ^l^E] <?]-*?-( (ICn)S. #^t^. 

<53> jEth -r^H. ^^^-(300)^ ii^7l]olH(N0Rl)^ #^#4 n-l«l^ <y^Ei *fl<y^-(ICn-l) 

^ ^Ei *fl<?]Jf(ICl)3 ^£H, s)^(20)S^-Ei 4^°} ^em 

^l^(VCTRLl-VCTRLn)# ^S^S. ^€ ^£ £14. 

<54> #^(400)^- ^TllolH(NORl)^ «}-*l*H #^Kr <?1^ E| (I400)S 

<55> I^aHHI 1454- ^o^j °1B(N0R1) ^ -f-H *i^(300)*r ^E^ 

^^HS, n»l*ll ^-H(LOOPn)^ 1-^^ ^^efl^E^l- ^tbcf. 
<56> £ 6 ^ a. 4 2^A]^ofl 4= s]3.^-(200)*- M-&|-\H ^oMl 5jS.SS.Al, 

51 w><4 ^ol ( ^^^<a-(VDD)^1 ^l^>7l ^*fl ^^(VDD)* £-*fl*H ^Hr^ 

(Vl~Vn)^ 7l^^<a-(V REF )^: v)JZis}ol 7^0] lHI*Kr 33.^- 

(COMl-COMn)^, #7] 4^<2] tilJH s)S-^(C0Ml~C0Mn)^ wIjua]^ o>^^H 4*r^ ^^IJl 
( VCTRL 1 ~ VCTRLn #^Rr o] ^ (i n Vl-InVn)S 

<57> ^^Hfl^-(220)^ ^^(VDD)^ ^*M}oH *jig 4^ 7^J-(Ri-Rn+l)0-S. 

^^M. ^%>(Rl~Rn+l)^ ^#^(Ndl~Ndn)» -f-*fl 4*r3 ^^(Vi-Vd) 
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■ir 4^ w]m s]S^-(C0Ml~C0Mn)^ «J<g^iEH ^1^4. ^^in^(Ndl-Ndn)^ 

Hfl^l 0 ^^ 4^ 7-RKRl~Rn+l) ^sfl £3 7}^\A. 

<58> 4^0] yj^r s]s.«-(C0Ml~C0Mn) AAQ ^>M1 -g- ^-^^ *fl l^Al^o]] ^-g-^ a] 

<59> a. ^ 2^HH o)-^ 1$+*) ^ 1" a] s ( VCTRL 1 - VCTRLn ) ^ #41 ^-g^l 
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^^(VDDH <?>^^ ^Eflo^ 730. ^<a-«.H fl w. (2 20)^ ^^H.(Ndl~Ndn)^ # 
SL^T- 7l^^oj-(V REF )icf #£fl» ^lfe, ^-fCCOMl-COMn)^ S. 

(VCTRLl-VCTRLn)^, #7l S. lofl u^-e^ ti}<4 ^o] , "S-?-"eflt^ ^cj-. o] ufl , 

^s^, -¥-5£. ^^(300)^ ^E^#eJ]A^ 7 > l^-H (LOOPl )» <d^°fl 191*] 
^l^^-dCl) ^ n^l^Ei *fl<y^-(ICn)S °l-f-<H*l ^^eflojE^ ^^o] ^sgsqji, n. 

7H> ^ ^S^M 7^3z|- ^A|^7> ^T^^4. °1 7^3}- #^«-(400)Sl 

3<ytHE^(I400)<Hl ^«fl ^rf^ ^ 
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<64> o}<2\- Qo) t M. ^-^o) ^ 2 ^*HH ^ 2,71 i^-s 

(L00PD* #^*H 7H> ^ ^3*K^ a^sj- ^*VcK 

<65> zl 4-5-, ^l^^-y 1°JAS <y^fl ^^(VDDHl ^o- ^, ^*l<y-(VDD) 

°1 fe- ^^^-(30)^ 2^(L00P2) ifl*l n-f-H(LOOPn) ^ *>M-» ^ 

<66> aflfltfl, ^^^i<a-(VDD)7> 7}# ^ eflte ^-T ^^tifl«-(220)^ ^#^-EL 

(Ndl-Ndn)^ *J^^r 7l^^<y-(V REF )iL4 ^ ^efll- «ljn. sjS-if- 

(COMl-COMn)^ S.^- ul^st- #^^4. °H1 4^ s\S.^(20)2) 4*- 

^ ^ eo| a] 31 ( VCTRLl-VCTRLn ) ^ , ^7} S. H ^-o] , 2.=- -^H"^ cq ^-Efl 7 > 

<67> ne^, ^-5. ^^^-(300)5] ^e^bj] a-^}- n ^-S.(L00Pn)l- ^tMl ^ *fl n9l^ 

^g) jl^h} ^*\5L7} ^-^^cf. #^^-(400)^1 1400)^1 ^€ #^4. 

<68> *fl 2^Al^oflA^ #€##3 efl^o] uj^^Tfl ^^c^s. -f-H -id 
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^} ^-5. S]£f f-A^, ^31^ ^SLS. o]*H ^ 

^efloiE^ ^^^j. ^o>^7iq- #7>*|-^ ^1^-4 oi~g-ei ^v^^o, ^ 
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1] 

all 2-f-H* M*Kr -f-H slS^-; 

#3*Rr #3^* ^l^Hr 3* *}tt ^ -r-H ^3M&|. 

[^■% 2] 

*fl l ^Hl si^H, 
3] 

*H 1 %H1 5U°H, 
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4] 

*fl 1 

^-7) = *^r7flSl <y^E^, RC^1^« ^*fl ^71 *^7fl^ olH] 

#^*Hr ^tH^^h A oM 1-^7H«1 titHEi °l °}tH33 fe^s^ 

«H ic<H>ll 0 lH* i^>^ *i| 1^*13 ^1^1^^-, -8-7] ii<>MHBSl ^ 

S. ^ ^ *H^7fl^ °]^Bi<4 RC*1<£* $n <#7] ^7fl^ o]tH^^ ogac}. ^^J. 

^xlA>o]ofl ^tJ"€ *fl 2'7]^\^B]% S.^S}~ *fl 2<?l^Ei *fl<?]^-5. ^ 

<?Rt -^^ ^-H. .2.^e)M3. 
5] 

IQtt 6] 

*n 4 %ofl 

^^>S.s. c] 3t ;^ ^-8: ^ilsL ^ ^eflolE-1. 

7] 

*fl 1 5a°H, 
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sf, ^7} tilin Hi tiV^^H #71 -a^-tiis.*! ^Eis. 

3# ^^^.S s}^ -f-H. iL^3MEi. 
8] 
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